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(54) LITHIUM NICKEL COMPOSITE OXIDE. MANUFACTURE THEREOF, AND POSITIVE ELECTRODE ACTIVE 
SUBSTANCE FOR SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable high charge and discharge capacity stability by constituting a Li-Ni 
composite oxide by a spherical product due to wet-type spray drying method and a large primary particle product 
due to a burning press method thereof. 

SOLUTION: A spherical Li-Ni composite oxide UyNi1-xMx02 is produced by wet-type spray drying method. Here, 
M is Al to Fe, 0<x- 0.2, 0.9- y 1.3, Al or Fe of a third component is solid solved by trivalent a small amount and 
uniformly, and structure stability and cycle characteristic improvement are ensured. When a value x is less than 
0.01, the solid solution quantity of the third component decreases, structure stability is insufficient and cycle 
property is lowered. In addition, when it is 0.2 or more, solid solution is insufficient impurity is produced, and 
discharge capacity is lowered. Further, since a spherical shape is formed by wet-type spray drawing method, a 
surface is ragged, is suitable to the closest packing, and an contact area between an electrolyte and a conducting 
agent is increased, making outing/entering of Li relevant to the outside advantageous. 
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[0 0 4 6] X. ^OjB*»<te*tt, BETifc^W 5 
10mVg£(_h. «F*U<tt4 OmVsSUs. i9S 
£ L < ri 1 0 0 m V s t> o*5^® 
J&a»&#*LV\ f*k BETJt3H5«fcMLTB:, *fS 

^n?**— *«HPjSH»6U d©!g«#©BETH:ig® 

y^^*5A!?^*-r , /hS^fiSi:'i5. Sots Xfftufc 

[0 0 4 7] ro#^JB^WJ636tt^JB^»a«^*l5t«r 
H) .lcjffV*»-e* 0 . LA^±f£SftMLfci5>=«Ki$ 
•Mfc-a****.*** «*T£#4L i _«iN i i-x 2 M 

[0048] roip feft&faAetUEf££K4fcfrffl v> 



#M*Pl O - 6 9 9 1 0 

10 

»-iN i ,^.*M.O*;fli&g>*l£. Nim—M»(OH) 2 tt 

[0 04 9] C w-CfflV^&Ste&JR&tiu N i ^-.M, 
iffOzMgiSK. N i ,-,M.ti:»tt, mo. 7 — o. 

9 8£L<ttlfc0. 8~0. 9 5Sfi©7;V* 

y fett 6 o 'ceiTosfS^MtT-cAa^xs^^^-s r t 
t ltwu 0»j*.»s*8Mb-7- v y a^ot/v* y 

S«-g-J5tS2 0~7 CCTO. 1 ~ 1 0 BSffl&JSK-fo t 

[oo so] rro«^cia-=T?#c>nfc7 7 y — © 

[oosi] SSC&v «Wfc*Hfe4r«v^r»fcafi6as*& 
-JiSMjtftSr*©****^*©*-^ SEJi£iS£6 0 0 
~8 0 0t, #&L<tt7 0 0— 7 5 0t« 

■cf7*.rxair\ ifeg^«*s2 oi*nB«±T?*)ixa=^ v 

777 , t'!t5lJi>!)X)4<, LiO»fti:ffV\ Ni«? 

[0 0 5 2] ro«EAi=Hf 5RSC|£»cJ:«R»OS[«F 

«), L iJ*#fcNiflfc#asgj£LT. Nii5 2fifd»t>3 
ffi^i^ES, i'P LTt»2«i»&3W=«:*)38SfcV , »N i 

[0 0 5 3] ?5C»C S ac«^0*#>fc«-&aMk 

[0 0 5 4] i<0^c*<t-lfca?-fDO5p*^5@H:i~i 
0 « mtfc5. 

[0 0 5 5] ±BKMl%MICN£^J:Sat:RA*« 



(7) 



ftMW 10-69910 
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±'<\'—*m fc^**fi-s>4«64: lt©s 

£t4i::tti-$$tltd 5 */i)c»43l:i*-m, Sia^TO^« 

[0 0 5 6] *585Bttr©=— Xt»bTittS*tfct>© 

[0 0 5 7) BP*>v aj*ttJb8eS5Ra B BfcB«T*9v * 
o^tttts X&Sifios ?-*B$Sch k l fcistfS (oo 10 

3) ffi**£tf (1 0 4)E-CW®iFff— ^Jt(0 0 3)/( 1 

04) 0(1. 2£t±. (0 0 6) ®j3itJ« (1 0 1) S 
-C^SJfftr— ^Jt (0 0 6) /( 1 0 1)&0. 13JU 

t> s EM-cms l/c— ifcffi^f-^^es^ i — i o 
[o o s 8] ^y^^Any^i/^-g-K-fk^tt^ JfS&A 5 

Lfe-fcte^^fiS* 5 *^ < s loitl 

[0 0 5 9) £7£. ro—flCft^Sr:*:* < LfcaESSfc) 
Ktt. ttf&tt9WKA t IBttlcN i ^fls»C*H-«N i 3 " 

ETJt^ffiSl^O. 0 l-lrnVgiS^K^ 

[0 0 6 0] #*§93<D— ifc&^a^^D^A— ^ 

ttL i/Ni+MXttLi/Ni©^/Wt^0. 9 — 
1. 3fc*5*ttT-CR*5**» '&i>*i1t*5 

[0 0 6 1] M&Jj&t LTti. ta^5£J!fe«?D§r7'^^^ 
7& LT i> 2r& t %—BJML LT*» 

[0 0 6 2] 35 1 eo3£it:frifcttv «S»»»ft«rruAA 
jf^ v fefk#iaT6 0 0°C~9 0 0*CT»ft4B»|H]SU: 

[0063] ±.timmwa&te-jL v »6>*v*:*RStt, 

5 0 0 — 3 0 0 0 k g/cm 2 % »*L<tt800-l 
5 0 0 k g/ cm s t ; 7'V'^^^p 0 ofct-5r.i:i5-Ct 

S. 

[0 0 6 4] T^jfcJBtk ^IWM»ffll**l< 4 

[0 0 6 5] ±3i-7V'Xi8a&&t± J to**1to8rrz - 1 50 



[0 0 6 6] grfn0£tt % 6 0 0-9 0 O'C. » 

$L<H7 50~800'CT?fct!> &J5£B# 
HttiK4WB5l±» »*L<fil 0~7 2^r<9T=fT 

[0 0 6 7] ■?\'*fm\z£*) % ftJ««t»te-*«T-©^ 

[0 0 6 8] i©*tRAS:7 f ^U-Cjft»i"SW6tt, 

< 4 Li ©IS*, N i 0<0@j£a*£U.5Si< , 

[0 0 6 9] *2»§g3a:fr«fett. ■fifl«)BlD o pSr ; 5-£0** 
^ffc$£ta^iT6 0 0°C— 9 0 Ot-?*S>0 . SS&MKi:* 

3BlcoS3ig*tfefcia«J=-7'V^^U £ btcfifeffc^B 
51T6 0 0^—9 0 0 •C-CSS 1 ^RB6l±^Mt 5 

^0^*fel4aSl©SS3t*jfeJ-lt«EL-C«^6{C5 

[0 0 7 0] « % tt&rottjfetc£S&f*&». 
SAMOA* LT t — *ttT- < 4 £> 4V \ 

[0 0 7 1] 2 0l^ffi«lfig-Ct s P*S«^2i/EiTs 7 2 

[0 0 7 2] X. *Afe-C7'^^J«etrff-3-Ct>*?Bit 
iS^JT^-f^a < » 2 0 NFffl^» B »©^eitl 1 u mtl 

Xt>&4V\ 

[0 0 7 3) SfoT, *55Ml^Sa^Cfe. >B85«Jtft 
7'i'*j&g&S:ai^fc«fclSS:£&B* -Rift* 

[0 0 7 4] Li&*t>» T'wtatiSJ:!), W544J5 
HBJPMTfcS#, ftBSWL i N i 55-^<0 

^S8£0^«)SgHta s «'>i-5fc»S^ra^S;L-Ct>L i 
OIS^RVN i OcogiJ£asi£));*.loiv HSESJE-OsSSS 

[0075] fsj. ionwa?»**mi»it*t4a 

iSttfcS L < s ®fi*fttt'> § < 4 * O^ScStt 
(*-f^/Ht» Si&scjm) *±«^-*-5. 

[oo7 6] r.coi 5^LT^5>nfcy^?A^^<>-yv 

[0 0 7 7] *fgB^(D , ;^!?A-y^/t.^®ft;^ti. 

g^Kfc LTffiV>5,fc 13 0-2 OOmAh/gOSft 
?>*t.v l o o@@«D3£j!fc^1f-< ^^vSiSS 
1 0%£rF<DSfi§iI*£-C ; &^ ^SLTV>5fc*. 
5frgbtcfii^-C#5. 
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(0 0 7 81 £AT, 9 s? t < aMi- * 

[0 0 7 9] N| % -^E^|(OBETJt^®SSS!lS^. > 

[0 0 8 0] [BETH:*«ttJ«3t**3*Wfc«r^O* 

BETljSil«*ttifefcJ:*«ISLfc. BETtfcScSiJS 
ifflSUfcg&ri, 3.T*7--f*=^^C«0» MONO SO 10 
RBSrGE/aLfco 

[0 0 8 1] [->^-9-fe]^ft»=2l*i 5 'it< _ C~«a^ 
<0*:£ Tf. [sJiJriSIOWO&i* 5 

[0 0 8 2] * 

SCftfO^N i t»t5N i 

[f X (Xo-X) XAX 10) 

[0 0 8 5] 

ai/ (Ni+Ai) ^e/vtfc^o. 03fc45i5li 
2. Omo l/10«l7*S = !>ik» Ws?^ 
©&-&7.MSi8 StEMS r.<0S-S-7KStSt 2. omo 1 
/ 1 o*8Mfc:-M* y r>^7K?§?KSTpH9. ot/«c5i5 

tcHf*5SiD?ST?TV\ taS5 0t: N 5S»4*T^S«ft6«3>-6 
O^fcflTSsaoLfc. »&nfcR**»*i*ak ?X 
lC!gjSI$t5rti:i 9 1 mo 1/1 i o.btA 1 
o. u <OH) 2 (NO a ) o.o9^>7 J>— ST^fe. U 
— (Ni+Al) KttUK?-Jfc«*I. i/ (Ni+A 30 
1) =1. 0 5t^Si-oJt<0 3. 5 m o 1 / 1 7jcK-fiS 

PS^fEifeSrnofc. »feix*:«**«T7Vi'S"*- 

se#— mcajt.w ft* 3 (Ujaam^ssTF-6 3 o§t) i- 

T&jfc3J:|8£l t f 3 -C7 5 0<C. 5BMW8)*Ut. *bWfc© 
-fb^BJtttt* L i i. o»N i o. «A 1 o. oaOz-C&ofc. 
[0 0 8 6] 5?JSWI 2 
Al / (Ni+Al) ^;Wt=0. 0 2 £ & £ 5 IC 
2. Omo 1 / 1 <r>m&.TA'X=-'>l*h. titSt—vfr* 
Oj^&TK^flSSrSSSSL. " coa-g-TkSJKi 2 . Omo 1 40 

0^BQ-C^bDLfc o ^t,*l.fcS*S'aSraiSs 7X 
KSS^S-t^i t) lmo ]/l©Nio.».Al 
o.« (OH) 2 (NO a ) o.oz^^y—Sr^fc. w0^7!) 
-©NilcSLW^Li/ (Ni+Al) =1- 0 
3&H3i"5flk*>3. 5mo l/l*SKky^!7^*t8 



Dhkl = (U)/(3«os9) (5£l) 

SM\ Dhkl W-v^Vo-A) e, (hkl)ffi 

X|§t4>&5* Mrad)liEllfril«, 9 (* ) ttEHff 
[0 0 8 3] [N i N i s *tt> £N i lc*H" 

0. 2 gS:0. 2 5MOF e SO.-3. 6 N8£BS&jKK:*§ 

MU aHHk2» l &bD&.fc«. 0. lNcoiS-ev^f^ 
£9«PM»«>±N i K:*rt*«N i 3 -%$r#«>5. 5S2IC 

JSVvTfftO. 1 NOifi-eV^VK* y !>AgiS©7r 
> Xofi2»Kjffi^4(m 1) % Xttiffi}£ft (m 

1) v mHftftft (g) . BttNiO^S (%) , Att 

5.871 -Cfc5 e 

(0 0 8 41 
(%) = 

/ (mxB) 0£2) 

<Oik¥W8.tt. L i ». o»N 1 o. »«A 1 o. o:0-tfcc 

fc. 

[0 0 8 7] 3 

A 1/ (N i + A l)*7Wfc=0. l kt£Z£b\Z2. 0m 
o 1/ 1 (O^ffiTVVS— 7Ai« s/^VCOtS-S-*. 
&i£$r39©U CLOS-^TMSSEfc 1- Omol/lOTjc 
Ig^hy !7^7KS«^pH8. 5 bt£<>£ 9 Kf5JB*Bs 

9 lmo 1/1 ON io^AU., (OH). (NOa)o. 
7J)- Sr^fc. rcO^^y— <E>N i iCJtL^tfc^L i 
/ (NI+AI) =1- O 5 |r*S^-f-<S*03. Smo 

1/ lTkBJfty^^iTK^SriSTUaSS^fc^. IS 

?Jh,'&0iiF\zx8i&;&m'%.'p-?7 5 0°C. 5 I. 
fc. SEBfe^lO'fb^a^tts L i N i o. 9 A 1 a. iOs^Sj 

[0 0 8 8] 3SJ£0>J4 
A 1/(N i +A 1 )*7Wfc=0. 2t/«t5J:5l-2.0m 
O 1/ 1 OJgffiT/VS^^At. 5BSfe= S'-TVl'OS-S'Tfc 
2S?£SrIS£!U ^cOS-&7K^i 1- Omo I/IO* 
mt-f-h y !7A7l<:g?«SrpH8. 5 ^ 5 I^Bftift 

t,7XfcSJ^«3§rai§, Tkife^s 7fcfc?K»$*5 - b\zi 
•J lmo 1 / I ON i o.«A 1 o. 2 (OH)* (NO s )o.2^ 
7P-^t y-ON i ICJtL-jES^ Jtd^L i 

/ (Ni+AI) =1- 0 5Ctiif5tO3. 5mo 

An^^"iixg?^#is$(*-e7 5 o°c. 5B»nttx£u 

fc 0 jSfeSftO'ffc^iftjfttt* L i i. oiN i o. o A 3 o. 2 O z 



IS 

[-0 0 8 9} m$iW5 

s -cmt^^mA^ y *A«flBf «rJBVv 1 
OOOkg/c m 2 c735^6tiE^-e7'u^s£^^-=^: c , 

[0 0 9 01 fi£Sfp»T/i'5-?-S'J ? -M-AH t i E ^l- 
TKfR^H^ 1 ?'^ 7 5 0°C. 7 2P$W#yj£U. 
gi^fCL i N i o. « A 1 o. *0 = :fc&&$:^fc. 

[0 0 9 1] HJfeW 6 

Fe/ (Ni+Fe) ^/V£t= 0 . 0 3 i £ 5 
2. Omo l/l Ofll&Sili:. m 1 t&~v / ir>\'<OiB&i£m 
IK&HttU r.<0?S^-7KSffit 2- 0mol/lO*g& 
•ffc^ 1- 1? pH9. SbttZZ? KEIPtjsjsflO 

£«v\ }&£5 0 e C, 3fc»i*T&3BKttfc6 0^pBT» 

•SCLfcK.fc 1 !) lmo I / 1 ON i o. »?F eo. oa(OH) 
s (NO,).^7!)-^t :^7!)-<0 (Ni + 
Fe) te»LJR?-itasL i/ (Ni+Fe) =1. 0 3 

k*bs-t s *o 3 . 5 m o i / 1 rtmt vTt? ajmbk 
•i&jSfeo^aasfctt. l s x . „ 2 n » a . »tF e„. «»o--c 

[0 0 9 2] 7 

F e/(N i + F e)*/Mt=0. 1 fc 'i<S * 5 1^2. 0 m 

U r 1. 0 m o 1 / 1 OzKBfrffc"*- V V 

»^7k^«rpH8. 5 t*o£5l-^NM£*D£frVv 

/ 1 ON i o. »F eo.x(OH) a (NO,),.i^7 !>— 
fc. y-ON i |-*fLJ?^ifc* J L i/ (N i + 

Al) =1. 0 5lw*ga-r^fi©3. Omo 1/1 tX® 

O-ffc^lB/fcHU LlNio..Feo.i0 2 T?fc-9fc. 
[0 0 9 3] ISMW S 

F e/(N i + F e)*/Vit=0. 2fc*i5<fc5lw2.0m 
U roS^S-7KSIBEt 1 • Oiaol/loWWktfP 

TklCflgSSitsr lmo 1 

/lONic.F e 0 . 2 (OH)= (NO s )o.2^7U-^ 
fc. Z<OX? V— ON i IcatUS-^JttfL i / (N i + 
Al) =1- 0 5(rti^-f<Sft0 3. 0mol/)*S 
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[0 0 94] Mffi&l 9 

OOOkg/c m^ifcftffi^r^^^fT^*:. 

[0 0 9 5] tfSfifitT>l/S h KAft^^C . 

X®E5R^a^ t Pt?7 5 0*C. 2 OBfrWS&SU 
^LTL i N i..,F e.^OtWS^. 

[00 9 6] ^K5«10 

Mn/(Ni +Mn) i fc/Ht=0. 03t' l i?vi:?Jwl.O 
mo mk—y^/^<r>m^if^ 
10 fS£SSSU wOffi-&7X«g?«t 1. Omo 

4k+h y ?-MU§$&§rpH8. S. MS2 SlC-e5fcSfc# 

TkiraSS^^^r.fclci.'J 1 mo 1/1 ON i o.orMn 
o.„ 3 (OH)i.»t (NOJ ... a ^7!)-lrllfc(ri)v 
&2^$&&0£&feOBETJfc^S*gV±l 4 7. 1 8 

—m~£ 0XRDO2 6 = 6 OfgttfiOtf— ^03Hlg*S 

7to ) «, roiigiSftcON i rcttUPFtttfL l/(Ni 
20 +Mn)= 1 - 0 5tC^S-T5«0 3. Omo 1/1*. 
K-fty^!7A*^SrjSTLgJt:^*fc«. Pfcef«:)!»4r 

T^L"CL i N i o..7Mno.« s 0 2 J9^^, 

[0 0 9 7] 3Sft0V 1 1 
Mn/ (Ni+Mn) Wft=0. li^tSipCl. 

omo i / 1 <om&t-v>if>-b. m^k—y^A'<om^7k 

*Si£5r38SiU r.<0iS-&7KjS^i 1- 0mol/l«3* 
BHfc:M- y t7^7X^»cSrpH8. 5t^5i7(^S 

>J lmo 1/1 ON i o. oMno. i(OH)i. » (NO»)o. i 
^^y— $r^fco y — ON i K*tU£¥-tfcA 5 L 

1/ (Ni+Mn) =1. 0 5l^t5fi?3 3. 0m 
o 1/ 1 *Sfe-fky^-17^7X^%jffiTbRiJ:$e-^v 

lC7Jx**MFttTMIf#H««t»-e 7 5 0 "C, 5 l«RBM 
U LiNio.»Mno.iO s ©ff^&. 
[0 0 9 8] ^JafiSlJl 2 
40 Mn/(N i +Mn)*/Ht=0. 4 J:fc5i5K~l. Om 

tWU * OjgrS-7XSI« t 1 • 0 m o 1 / 1 OTKK'fk 
•T^V y l>A?}cig?S?:pH8. s £ilzfSitef%to& 

fcf0E*Sritill. tK«ESs 7Klc$5ffl$*5r irici 9 1 
mo 1 / 1 ON i o.eMno.-(OH)a.r (NO*)o.a*7 
y— tr^^t. r.O^-7 y— ON i »r» LJS-T-M:* 5 L i / 

(Ni+Mn) =1. 0 5I^St5ft<03. Omo 1 

/i7K^t:y^!?A7K®v«^jiSTLSJC:$*fc^, "53* 
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iV^^wTSfeg^ffl®*-? 7 5 0t, S*|H*#U 
LiNi,. »Mn„.40 2 MI:^fc. 

[0099] ms&m i 3 

lOOOkg/c m s <0»«jfiE^)X7'V'^^^$rff o 

[0100] jsgSfottr/vS -+5£#- )• tcAft^ttJFK 

^UTTL i N i o.»Mno.iO s ?r^^ 
[oioi] l^flaji 4 io 

Co/(Ni+Co)^Ht=0. 0 3 fcfcSi 5t-2. 
Omo l/10$8£=i/Whfc, 5ftSfe=y^A'^^* 
&?i££28$SU ^(O&SimWLb 2. 0mol/l©7X 
SHk"?-y- P ?A7X&i££:pH9. 0t45i5l-^» 

jo£fTV\ ia&4o*c, s«wrF»c»Ktt»= 6 onm-v 

(OH) 

; (NO,)«. M 77!)-^fe. CO^y-tClNi 
+ Co)»C»LJ®^fifcA5L i/ (Ni+Co) =1. 0 
Ste*g=S-t-;5fi<0 3. 5mo 1/ iTkffiWty-^^^^S 20 

ixW^>rxffij!55?H^*-e7 sot, SB£ffij&j£L 

fco fcf&m<WV&1&&\t. L i x. o,N 1 o.vrC Oo. osO 

10102] mMm 1 5 

Co/(Ni +Co)^tt=0. 1 fioi 5 f" 1 - Om 
roS-g-TKj^ffli: l . 0 m o 1 / 1 ©*«Mfc 

fcSJSKfS^iSiS. 5- J: 

9 lmo 1/1 ON i o. .C oo. i(OH)l » (NOJ..1 
* 7 9 - S137C. r 0®»)K© N i L i 

/(Ni+Co)=l. 0 5lr^ai-5a<03. Omo 1 

$t.<*Sr^f o 3t„ &b*Ht&t8i<to 5 -MM* — V K A 

LiNi ,.,Coo.,0^fS^fc. 

[0103] SJStfl 16 40 
C o/<N i +C 0)^/^=0. 2 i!i5i5fil. Om 

•srssaau. ios^*g«ti. omoi/ioTKSMt 

mo 1/ 1 ON i o.aCoo. ^(OHK.o (NO s )«.,^7 
y— C0^7!)~ ON i K.*j-US-?ita s L i/ 

(Ni+Co) =1. 0 5\Z.ft>M-fZ>&<D3. Omol 
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*t^5WPtera6**H$5«t«T7 sot, 5*H£AU 

L i N j d. iC oo.aO^&^t*:,, 
[0104] fSlgfl! 1 7 

c o/(N i + c ©) j e./Ht=o. 3 J: 7 tc 1. Om 
ol/l ©5gS6=^/v h i , y *vwo£^7jc*giS 

Srafit, rO&^KgiSk 1. 0 m o 1 / 1 OTk&ffc 
•f- hV ?-Mt*g?g£pH8. 5t54<5i9 5c^)B5Jsy)B^r 

fctttMfc&WS* **fe&. *fc.!R»£*S wfcK:* •? 1 
mo 1 / 1 ON i ctC o tlS (OH)i.7 (NO»)«.a^7 
fc^fc. r.O^.7 y— ON i JC^bJSS^itASL i/ 

(Ni+Co) =1. 0 5l=.*l^i-5S0 3. Omol 
/ l*gtfty^* A7X@«£STLS& «S 
SSa&Srffofc, »fenrc«:ift^SrT/i'$^S!J*— MCA 
n^« s ^XK3fl*HS1 3 -e 7 5 0t, 5 ttRjifbft Us 
LiNi ..TCoo^CS^Ufc. 

[0105] HKEW 1 S 

C o/(N i +C o)*;Wfc=0. 4 fcfcS £51-1. 0 m 
ol/l OfflSa^i'M:. 83&— 5"^7WO£-g-7K^® 
£i«filU dOS^-TK^fiEt 1. 0 m o 1 / 1 OTjcgMfc 
•7-h 1 ; !7A7K®Sc$rpHS. 5 ifto* 5 Kra^gsflDSr 

■m\ &£2 5°c-e^i»^Ti-ii«t65i-^)DL. »e»*t 

mo 1/ 1 ON i o.eC Oo.«(OH)i. 7 (N0 3 1 0 .j^? 
})—&'&1t, -0*7 U— ON i fz#UK?JtsPL i/ 
(Ni+Co) = l. 0 5KSSt5ft<O3. Omol/ 

ffWcTSi?i«t-c7so , c, 5^w^fi£L, a 

^-efi?^L-C. LiN io.*Coo.*0=^tlrar^/cu 
[0106] |516fl! 1 9 

Co/(N 1 + Co)*Mfc=0. 2 £&<S i5l;i- 0 m 
o l/lOSBSfea/Wht. $K=5^/V©>l"&7Ktg?8 
$r2SS5U I©iSt*gS8£tl. Omo 1/H0*»<k 
th!) ^A7KS?«§rpHl 1. 5. i&S 2 5*CT5aH}^ 

7k^®«$-^5r tJciU lmo 1/ 1 ON i o.« 
Coo.*(OH) ».» (NOs) ». s OT.5 9-Wfc, .1 
OSKS^ON i U^/Vitds L i / (N i + C o ) = 
1. 0 5tC*a^i-5*0 3. Omo 1 / 1 TKSKfc'J 

t,tvfc'«J5E«;*fe<a«:^'y^SSth$r^v\ 1 3 0 0 k 
E /cm 2 0&ME7D-r7'^^^ ; lf^^7t. ^Sfaf± 

r/v^+ffi^- fcAn.^tt«p^Tefem^H$i^-c 7 5 

0*C. 7 2B«n&JftU St^S. K^lTL i N i 0 .s 
Coo.i0 2 W^fc. 

[01071 mifem 2 o 

0 0 0 k g/cm 2 OR«lJE^-C7*^^^^rofc 0 



19 

^m^-ci 5 o°c. 2 o^Bfljfeatbs st^rn. 

TLiN i,.,Co..i02^l;^. 

[01081 n^m 2 1 

Mb/(N i tMg)^*=0. 0 4 9 5»w 
1. Omo l / \ <OSft&-* ±* 5ftj6=.S.-Jr/V 

Og<g-*?giR£3a3!iU l - Omo 1 

/l ^gWfc-J-hy^-M^rff'SrpHl l. 0,5612 

*J2:!g®S*5rJ:l=if9 lmo 1/ 
1 <ON i o. «»M Bo. 6* 9 (0 H) 1. t (N O s ) o. !J — 

ffitt 1 6 9 . 4 m s / e 9 . X-feS^ (^S^-) 
o / , 3 . — 7_i£^i»j > XRD02 B = 6 0&f*5ffi<O 

t?feofco ) • C^7D-«Ni (C^LJS^-itdSL i 
/ (Ni+Mg) =1. 0lr+9^i-5*O3. Omol 

/ 1 *&tey^»A;fc?S^£^Tl<£j£S**:&* 

^T^LTL i N i e . w M2o.o 6 0^^t. 
[0 10 9] S&i£«!2 2 

j. ic^xWf *jpteXWR#B««f "^7 5 0°C. 5 * 

n*/*u ***** yy^/ussn-Ti soo 

L i N i o.»C 00. i02S^5:'llfc. 
[0110] Ifctfcfll 1 

2 . Oool/l <E>58ffi= V ^WaM^IS SOOnlC 
1. 0mol/lO*WfctfS>****t* N| / 
N i ^Vtfc= 1 . 9 K*S=Si-5 1 9 0 0ml gftttTtw 

-S-^r it-i 1 ? lmo 1/1 ON i (OH)i.»t (NO,) 

«5L i/N i =1- 0 5>C*B^-f-«a0 3. 5mo 1/1 

Ot-CSf^RB^LTt. #SU£03O{fc¥;5&J&«v Lix. 02 
N i On-Qhoit, 
[0 111] Jtftfl2 

TfcK-ffc: y P 1 - os^M *8(l;=y^A'0. 97 
^•/V&tfzKBkfbT/v AO. 03 *^tr*WC5C» 
HSCS-g-^LfcS. ggl4Xj?S2mm0^5t 

-cvyMtu in&K^isfxT 5 o'c-es^ra 

Mf%\*1t 0 *^^<t^*a^«:L i 1.0* N io.» T A 1 

o. osOjtfcofe, 

[0 112) Jt|£0!l3 



1) 4SB8¥l 0-6 9 9 1 0 

20 

yXSHky-f-^A 1. 0 5*A-, jJcaWksy-^-rt'O. 9 7* 

A^tr^-fts* 0.03 ^v=Sr?i#-c?E^$£*:a^-*&^ u 

ISl 4 XJ?£ 2mm©^ MLU 
m$rSSf55s3?H^ [ ft : 7 5 0 o c-CS^R6^L.ft: 9 

^O-ffc^iSafiSrtCL i x. o-»N io.orF eo. osO=-CS>o 

fee 

[0 113) Jt*£0lJ4 

0 5*;K *8ft=s'^0. 97 
0 . 0 3 Sr?L$*T? 2E#$£3£ 
10 Lfc^L HSl 4 XJ?$ 2maC^il:'<l' 

yMfcU rn^SgsR^afvl'-c? 5 o'CT-s^fia^ 

Lfc. %&$.m<04t*&&f8.n L i ». a*N i o. 97 M n ». o»0 

[0 114] it&MS 
*gMky ^»7A 1 . 0 *Kft-y^o. 9 7 

^e/l'ST/TKSMha^/V V 0 . 0 3 ■=e/i'£:?l*M??5#<5:^ 

yHkU rix£Sfe£#iaS*-e7 5 0WSVfMm& 
Lfc. ^$0'fk3Mi&&t-±L i ». o*N i o. »tC o o. osO 
20 *-Q*>oiz. 

[0115] IttfrM 6 

**&S? , !?Ai. o 5*;k *§feYk=y5 r -»i'0. 9 7 
^/VS.U^f^^->t7A0. 0 3 ; 6A'£r?L#T?E£m 

VyMKU r*ttaBlf*fB««t»-C7 5 0 e CT5W£ 
JjfcUfc. JK^O^ifa^ttL i ».o*N io..TMgo.o=, 

[0116) itifcm 

A 1/(N i +A l)^Ht=0. 3t^5J:?i:2. Om 
30 o 1/ 1 <73#J®?T/l'S: = ?Afc. -7" /K0igr£-* 

?§S££39SiU rw&^Sflfci: 1. Omo l/lO* 
SMk"7-Vy!?A*.^S*pH8. S bt£*£ ! ?\Z.mi$& 

•3 lmo 1/1 <ON i o.tA U.»(OH)j (N0 3 )». 

7';-^. no^7 y — on i matugTtfctfL i 

/ (Ni+Al) =1. 0 Slrfaa-t-SSOS. Omo 
i/i7KB5fty^!7A7X@iR$r?iSTLS^$^fcms * 

40 An«^^Tffi5R3fffi^*r7 5 0 e C, 5 ^fifl^feU 
fc. «E5£^0{t¥*aj*«:. L i N 5 o. rA 1 o. 3 0 = "Cfc 

[0117] itfe^J 8 

F e/(N i +F e)*/Ht=0. 3t^5i5«-2- 0m 
o 1/1 (DffiSbRfc. ffiB6=^7-/K^S-g-*®!S§r?aSSi 
Us ro£-g-*S?Si: 1. Omo 1/1 <n*mit± h )) 
^AtKSF>S^P H8. 5 -ClSJ^AOtrffVV i£S2 5*C 

®, t)c^. TKtUffiSS^r^rt^^ 1 ? lmo l/lO 
50 Ni„.7Fe,. 3 (OH)2 (NOj,.^7!l-^t r 



(12) 
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<OX7 ]) — (ON i KttLJS^tfc^L i/ (Hi+Fe) 
= 1. 0 5Jc^B^-t-5«03 3. Omo 1/ lTkBHby^- 

L i N i o. rF c c.sOjTlfeofe, 
[0 1 1 8] J£&0>J9 
Mj/(N i + Mg)-=fc/Wt=0. 3ti45J:5l-l-0ni 

fttt&MU :Ofi^*?§«tl. 0 mo 1/1<0* 10 
gtfk-M* y ?**&afc£pH 1 1. 0, tt&2 S e C-C-^ 

zMfett* *K:t|ftflBS-&-5::2:lz£9 Imol/lONi 

0. 7Mg„. a (OHK.T (NOj)«,,^7 5-«:ftt wO 

y-ON i »E*f LJ5Wfc#L i/(N i +Mg) = 

1. 0\Z^-ti±O3. Omo 1/ 1 frmtD^V-k 

B£t4>-C7 5 O'C. 5B$fi8&j£U LiNio.rMgo.a 
0*%tftZ'&1t 0 20 

[0119] ifc&0V 1 0 
Mn/(N i +Mft)*^Jt=0. 6i»i5±5lCl- 0 m 
ol/l OSKigE-v * IMft=2''»vl'<D&£'*ttiK 

~<D&-£*.mmb l- 0inol/I<!)*SHt 

zMCS&SS $12:5 ^ i let 9 lmo 1 / 1 ON 
Mn,.,(OH),, V-Zftit, ro* 

7l) — ON 1 K:#U5WtJfl*L i / (Ni+Mn) = 
1. 0 5 »C*l^-f5;ft0 3. Omo 1 / I zKSHfcy 30 

#SSL4 , t?7 5 0*0, SSSWi&jltU LiNio.-Mn 
[0 1 2 0] tfc^Jl 1 

Co/(Ni +C o) j e/Vlt=0. 6tJi5i?lil.0m 
o,l/l Offi^ = '<A' f t s ?81fe— y -Jr/V<D?g-&/k?§v& 
£2HSS U r.Offi-&7k?2?Si: 1 • 0 ra o 1 / 1 Ozk&ft; 
^hy &pH8. S t)fe5,}:5*'^^i0$r 

*7V\ ?&&2 StJTfMUJWTI=a«E«»=«ftlU 40 

•3 lmo 1 / 1 ON i o.*C o„. c(OH)».* (N0 3 )„. » 
^7!)-$-#fc, ClO*?y— ON i iCStUS^Jti^L 
i/ (Ni+Co) =1. 0 5lwtiitolO3. 0 m 



«pgS5pl 0-6 9 9 1 0 
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[ o 1 2 1 1 J4;»0J l 2 

jkgMfcP o s-=e/v, Tk^fk^-y-ir-'wo. 9^e 

A'&VzkgtfkTA'S^AO. l^SrlL^T^U;^ 
Jfr£-»5£Lfc«L :/y*/HKSff-£^V\ 1 0 0 0 kg 
/cm'OfMSffi^^^/fc^Srfx j£3IAI*r 
* 5 MCAtU ^^^TSs^ffl^^-C? 5 

0tt2 0B»HJIrtU 4Sc^s S?5^tXL i N i o. 9 
a l o. i0 2 &#2r^rt:o 
to l 2 2] tfc8ti&Ji 3 

TKffi-fky^^^l- 0 5*;K TK&'fk^y'ir/l^O. 9^ 
O . 1 *r/^&3L&Xl£&%. : &.m&IB)& Lfc 
*>HKKSf£rAV\ 1 00 0k g/cm l ©f 

hKAlv tftt^KTB&K^BS*-^ 5 0<t-e2 0S»$ 
MWWfcU S»L-CLiN)...Fe 0 . l O^# 

10 12 3] IfcejM 1 4 
*&tey 1. O 5*A\ *BMfc=y$Vl'0. 9t 

/uafctf-flWfrWtfi'O. l^v£¥L«fc-?5t#(t5£?8-£- 
©SfrLfi&s yy*/vaffiS+$:^VK lOOOkg/c 
m=oj&&f)flE^-C7-^^^ ; S:tf-33t. ^S&f:tr/V5 
■T9!i&— >K A*U W^^-CK^BSC+r 7 S 0"C 

2 0 U S^UL i N i o.,Mn 

...O s |9#^fc. 

(0124] tfctfctnj 1 5 
*S{{ky^-^Ai. 0 5*/K TkBfe-ffc—yyvvO. 9^ 
/vXVJkSita^i' V 0 . 1 ^■^Sra^TJt^K^S-^ 

M'AiV ffWKXWf»Hfi'l , -C7 S O'C 
-C2 OI«n«EAU J^tTL i N i o. »C o 

[0 12 5] ±B38«I«1~2 2^t>*lfc«^ll~l 5-C 

tt (003) / (1 04) . (00 6) / (1 04) , 
B E TlfcSSBSL N i 3 -OS"S\ V— if <?o]« 
9 S^TSffl^Lfc-^^O^JSS&tfS EM?Si 9 
^fc-jfc&^O^Stt. SK S2K5*t'. 

[0 12 6] 

[SI] 
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S * 


BET 


I(003)/I(104) 
it 


I(006)/I(101) 
it 


(*) 




1 
2 
3 
4 
5 


99.4 
98.7 
99.6 
99.3 
99.3 


0.44 
0.51 
0.30 
0,82 
0,09 


1.43 
1.48 
1.49 
1.53 
1.57 


0.119 
0.114 
0.113 
0.111 
0.118 


15.91 
19.61 
18.21 
16.41 


0.51 

0.40 

0.40 
0.35 
5.0 


6 
T 
8 
9 

xo 


99.1 
99. S 
99.7 
99.9 
99.7 


0.31 
0.12 
0.26 
0.06 
0.41 


1.48 
1.51 
1.50 
.1.58 
1.324 


0.112 
0.110 
0.120 
0.122 
0.119 


16.57 
15.41 
16.22 

6.04 


0.45 
0.29 
0.31 
6.30 
0.45 


11 

12 
13 
14 
IS 


99.3 
99.3 
99.3 
99 .3 
99.4 


0.E8 
0.43 
0.08 
0.42 
0.58 


1.46- 
1.54 
1.56 
1.44 
1.59 


0.121 
0.117 
0.121 
0.110 
0 115 


21.09 
18.67 

15.51 
18.96 


0.39 

0.41 

4.0 

0.37 

0.43 


16 
17 
18 
19 
20 


99.6 
99.6 
99.8 
99.9 
99.3 


0.36 
0.61 
0.82 
0.07 
0.10 


1.65 

1.47 

1.44 

1.323 

1.41 


0.121 
0.120 

0.113 
0.118 


20.60 
16.40 
±o.o«J 


0.45 
0.45 

2.8 
4.0 


21 
22 


99.8 
99.9 


0.17 


1.304 
1.40 


0.115 
0.11B 


53.66 


0.45 
3.4 


JOt«l 


* 


* [2*2] 








N i ,T 


BET 


I(0O3)/I(104) 
it 


I(006)/Kl0t) 
kt 


¥ $ 

<*> 


SEM7? «S 
(^) 


i 
2 
3 
4 
5 


93.8 
95,3 
93.1 
92.3 
90.1 


0.13 
0.47 
0.35 
0.34 
0.42 


1.43 
1.23 
1.29 
1.28 
1.21 


0.115 
0.132 
0.140 
0.143 
0.143 


20.70 


0.61 
0.40 
0.38 
0.47 
0.23 


6 
7 
8 
9 

10 


91.1 
93.4 
95,1 
92.9 
97.8 


O.Z1 
0.18 
0.30 
0.23 
0.15 


1.26 
1.31 
1.42 
1.51 
1.48 


0.142 

0.136 
0.121 
0.120 


X O -CI 

16.40 
20.81 
21.22 


0.33 
0.41 
0.37 
0.42 
0.22 


11 
12 
13 
14 
15 


98.1 
99.0 
93.6 
97.9 
93.9 


0.22 
0.08 
0,09 
0.09 
0.08 


1.50 
2.03 
1.94 

1.62 
2.27 


0.117 
0.116 
0.114 
0.113 
0.111 


19.46 


0.42 - 

0.81 

0.74 

0,68 

0.63 



(oi28] m^m-wiM vitmmm&s&m i i > 

[0 12 9] 
IS? 3] 
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^Sglf 10-69910 



25 









34.1 






3 


7 

OO. f 


^SEM 4 


■ac * 




oC. f 


^SS^i 6 


42.9 




36.2 


tit m oai o 




^5fe^3 9 






44.1 




36.1 




37.2 




38.1 




43.4 


S6JW«15 


43.5 


£*fl)i6 


81.2 




44.1 




40.4 


«S«19 


35.8 




43.S 


55fcfl2l 


32.3 


£J&$|22 


38.8 



26 



10 



20 



[0131) 1 



(0 13 0J 



10 13 2] 3E«*mfctt. J:ffi**16«-C»fe*t*:!i 

7nnxf-i/y-7irfvy^7^^) £2 : ififtJt 
OS^TS^Ss 0. 5 mm. IS 1 

T^ir^VT^^rXV^^Y ^ yi/a. 1 i/cn 2 OffA 

[0l3 3]fifiWilri4, y ^!>A^JS->— h^r 
ESI amm^fl^&V^t^^ffi^Lfco ^t^VJx 
ffijrr^ >«/VK}E««njaS««r AiV 1 m o 1/1 
i P F 6 fe^ tl/^^- h : ai^-l'lob — 

(i : 4***) «^»»ufcw»i«fcieaax 

-C3«H6fcfTV\ «]»^«Sflct3c&S^»9igLlcJ: 
^5&«SfiO{&T€rSS^sr:t-C^ffiL^ ft. 3fc&ffi 
ttlmAOSt«t, S. 0 — 4. 3 V05B8O'«BEjR«| 

[0 13 41 rom?fe«Sl^iS* ffl«M§t(mA 
h/gK 1 0 OtHlg^m^ft (mAh/g) S^l 
0 OHBOateSaoWftsp (%) ) 1**4. £5{^ 

[0 13 51 
[S4l 



(mAL/g) 



10013 § 
JmAh/g), 



10 0@ g Q 



1 

2 
6 

14 



157.0 
161.0 
160.1 
160.2 



146.5 
146.6 
148.2 
146.2 



7.3 
6.9 
7.4 
8.7 



[0136] % [^5] 

"to m fooa i loo® a <*> 



_ _ _ _ 

* g QnAh/g) CmAK/g) (%) 

1 161.5 113.2 29.3 

2 141.5 98.5 30.4 

3 140.4 84.3 38.9 
5 140.2 97.8 30.6 



[0 13 7] 3tR«2 
mm 1-22 ftl«t«« 1-15 ^«-&BMfc««rJBV* 

[0 13 8) jEStmtctt* ±IM*Jfc«. *ifc«W-c 



$5 mm, ESI 8mm<O^Vy ^bitfc^ 

hSr2 0 0 e CT2^fWffi*feLjE€5«if5ft Lfc, 
[0 13 9] ftitt»KttBi!;^»A4«S/-h^ 

a f v>S(^?L|fK <iB£4 r-fe/V^— K25 0 2J , 



(15) #39^1 0-6 9 9 1 0 

27 28 

V ^ * [0 14 1] Z<VWMR®<W£& C«0J88r£SS(mA 

[O 1 4 0) ®SiStlilM L i C 1 0^g»$tfc h/gk 1 0 OEJgcDam^S (mAh/g) Xt51 

x^^.^-^-^/.^f;^ h^-zi^y (1 : 0 0 @ I OftfiSiOSs? (%) ] S7»=^ 

d»t,'f±Ji^-CS:7-^=f>'«»UfcK7W , ^y^^ t l 3 Tr 10 14 2] 

f7-3it„ I©yf^AS?S&0.4mA/ein s ^15« [£6] 
5SStwT. 3. 0-4. 3V(DHt5l!M^^>fc. * 



[0 14 3] 





*) tt 


100@ g 












* ^ 


(mAh/g) 


(xnAh/ff) 


(JO 


1 
i 


1B7.9 


174.9 


6.9 


0 
c 


181.2 


166.2 


8.3 


3 


169.1 


161.8 


4.3 


j 


151.0 


139.7 


7.5 


5 


158.0 


164.0 


3.5 


c 

0 


167.6 


153.7 


8.3 


7 


144.8 


132.6 


8.5 


8 


142.3 


131.3 


7.7 


9 


136.1 


129.7 


4.7 


10 


166.4 


156.7 


5.8 


11 


168.7 


1S9.3 


5.6 


12 


154.3 


141.8 


8.1 


13 


157.6 


iso. a 


4.4 


14 


171.2 


157.3 


8.1 


IS 


177.1 


164.2 


7.3 


16 


162.9 


168.1 


8.1 


17 


171-3 


165.6 


3.2 


18 


163.0 


153.6 


5.8 


19 


172.4 


165.8 


3.8 


20 


159.8 


152.1 


4.8 


21 


162.6 


161.9 


6.6 


22 


161.3 


154.8 


4.0 


[57] 




0 * 


1000 g 


I 0 0 IhJ 9 <D 










(mAh/g) 




(K> 


1 


188.4 


187.9 


26.8 




162.5 


111.3 


31.6 


3 


161.0 


85.8 


43.2 




158.4 


101J9 


35.7 


5 


165.0 


124.9 


24.3 


6 


146.3 


97.6 


33.3 


7 


138.9 


1239 


10.8 


8 


135.0 


116.2 


13.9 


9 


141.3 


125.1 


11 .S 


10 


137.3 


120.6 


12.2 


11 


156.2 


138.0 


11.7 


12 


148.3 


90.2 


39.2 


13 


185.0 


67. G 


S6.1 


14 


149.1 


92.1 


38.2 


15 


159-2 


1S0.6 


18.0 



1 0 l 4 4 ] 3 ^ JM*©£«tt*©*SfcR«**fc£iT© J: 5 
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[0 14 5] ^&2-C^fi£Lfc»^-t^vSrffiv\ ft 

f THERMO F LEX TAS2 0 0J ) tioW 

10 1 4 6] ^<7?SSjH. itK^Jl-Ctt2 0 8. O^C, 31 
2S0>J 1 5"C«2 2 4. 3^ ^J2 0t?tt2 3 7. 6 

[0 14 7] LiN i O z tCC o>i if SrTJl-S fcJgJR tT— 
[0 14 8] 

L i y«iK i 1-.sM.O2 
(5£«K MttA 1 v Fe, Co, Mni6D ! Mgi 1 E>'i5 
8M>»e>5&tfixfc lffiSr^U x = xi+x 2 £>r?U x» 
I40$X!<0. 2, XttiO<X2<0. 5. xtt0< 
x^O.STfctJs yli0.9SySi. STfci) "C^ 

[mi] Mm^#fc«frSMB»©x*E»f0 (x 

RD) . 

[B2] seJS«nr»fca**ft:«bosEMap» (1 
sow). 

[S3] JM«lT?»fc»S*ff:*«»SEM3«f (3 
OOOOfif) . 

[0 4 ] MM 1 -tfWyiMNfc* 30 
[0 5] 30fei«S-C»«:a-&lWk«bOXRD. 
[El 6 J 3Mfi«5"C»fcS£«{fc*©SEM*» (l 
0 O 0 0f&) . 

[0 7] J61fe«6-C»fc**HMk«©XRD.. 
[BIS J *JfcM6-C»fc***fl54fc©SEMWf (1 
s o<&) „ 

[13)9 ] 6 -C»fca-frifefl:*© S (3 

OOOOfS) . 

[®io] mmm e ^»fcfc^swt«bs>tt«wM&. 

[Sill] HJf£M9-C ! ^fc^-&SHk«bO?XRD e 40 
[ IS 1 2 ] H»^J 9 r &1t&&WtWIS rosE M^H 
(loooofi) . 



flSBSapl 0-6 9 9 1 0 

30 

01S] JfeftM 1 0 "Cftt^KftftCXRD, 
014] JUSfcl 1 0 T#fc«'frSfcfl:46 CSE J¥ 

;3 o 0 0 offl . 

.815] HflSfll 1 0 ■d&fc*'fr*ffc*«>tStaKM&. 

016] J5t£#I 1 S Tj^^^-S-SMtfb^X RD. 

017] 553t93 1 3 -e&fe&S-aMbMa S EM^Jt 

[1000 om) . 

018] XJKW 1 4 -C^fc^-g-KffcteOX RD. 
[019] ^Ettffl 1 4 x»fc**«Mk* © S EM¥K 
U s oi$) , 

[020] 1 4 T»fc«"&»fi:«© S EM^R 

(1 0 0 0 O-ffif) , 

[021] mmm 1 4 -c#fc*'friMk<ihost«»*. 
[022] gt&m 1 6 T»fc«-fi-aMi:«ox RD. 

[02 3] HXfl 1 6 TflJk***ft»0 S EM5R 
(10 0 ote) . 

[024] MMffl 1 6 -C**l»frSMt*h© S EM^SE 
(lOOOOfff) . 

[025] n&m 1 6 -c »it*-s-iwtto 

[026] 3Si£#) 1 9 TT$M:»fi«fltffc©X RD. 
[027] 3?JSM 1 9 -efcfclg-g-SMM*© S EM?5 

(1 0 0 0 0<ff) . 

[El 2 8 ] HJfeM 2 1 Tftfc«tlfl*OXRD. 
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